Am. J. Physiol changes in volume could affect the juxtaglomerular apparatus via a "pressor-receptor" reflex mechanism involving the renal nerves and adrenal catecholamines (5, 12, 28, 34); 2) renin secretion could result from the increase of intratubular sodium in the region of the macula densa ( 11, 19, 22, 26, 32) .
The purpose of the present study was to investigate the mechanism of renin release during furosemide-induced natriuresis.
Our data led to the following conclusions a) the increase of plasma renin activity following furosemide administration is not secondary to the reduction of plasma volume, but is probably the consequence of some intrarenal mechanism, possibly the increased intratubular sodium concentration, since the secretion of renin was not suppressed when plasma losses were prevented by shunting urine into the femoral veins; b) the stimulating effect of furosemide on renin secretion is markedly reduced by a concomitant increase of extracellular fluid or in plasma volume.
METHODS
Male rabbits with an average weight of 2,650 & 160 g were used throughout this study. Food pellets containing NaCl 2.2 % and tap water were ingested ad lib. for at least 15 days prior to the experimental period. All animals were uninephrectomized at least 10 days before the acute experiment.
The mately at 65 mg/lOO ml; mean concentration of PAH was 3 mg/ 100 ml. Isotonic saline was infused intravenously at a rate of 0.35 ml/min during the 40 min preceding the control periods. All clearances periods were of 15 min duration, blood being sampled at the midpoint of each period.
In the first group of 10 rabbits, after completion of two control clearance periods, a single dose ( 10 "g/kg) of furosemide (Lasilix, Hoechst) was injected intravenously. The urine excreted during the first 2 min following the furosemide administration was discarded in order to prevent error due to dead-space washout. Four experimental periods were then performed. In a second group of 12 rabbits, plasma volume expansion was achieved concomitantly with the injection of furosemide.
The expansion was induced in seven rabbits by isotonic saline infused at a rate of 3.75 ml/minute and by a solution of salt-poor human serum albumin (20 mg/ 100 ml) infused at a rate of 0.5 ml/min in five other rabbits. Infusions were started at the end of the last control period, 10 min before furosemide injection and were maintained during the two first experimental periods.
In a third group of 10 rabbits, immediately before the administration of furosemide ( 10 mg/kg), urine flow was shunted into the ipsilatcral femoral vein, Urine was diverted into the femoral vein during the first three experimental periods and was excreted normally during the last experimental period. The diversion of urine into the femoral vein was interrupted during 1 min in the middle of each experimental period for urine collection, the resulting fluid losses being immediately replaced by the intravenous of isotonic saline administration of an equivalent volume
In a fourth group of 13 animals, as in the group described above, urine was shunted into the femoral vein before furosemide administration and was maintained during the first two experimental periods. During the first two experimental periods, vol ume expansion was concomitantly achieved in the following manner: a) in eight rabbits isotonic saline was infused at a rate of 3,75 ml/min and urine specimens were obtained at the midpoint of the first two periods with immediate volume replacement, as described above, and b) in five rabbits, serum albumin, 20 mg/lOO ml, was infused at a rate of 0.5 ml/min.
All urine was collected in the usual manner during the last two clearance periods.
For purposes of control, two additional series of experiments were performed.
In the first of these, a deviation of urine flow into the femoral vein without concomitant administration of diuretic was performed in six rabbits. Saline diuresis was induced by the infusion of isotonic saline at the rate of 0.35 ml/min, which was started 40 min before the first control period. Shunting of urine into the femoral vein lasted for the three first experimental periods, during which time the saline infusion was stopped and no
In a second series of was estimated with the micromethod previously reported ( 1). Since its publication the method has been slightly modified as follows: 1 ml of arterial blood is collected from the femoral artery of the rabbit in a plastic tube containing 0.02 ml of a 15 % solution of ammonium salt of EDTA as anticoagulant. Blood is immediately centrifuged at O-5 C, at 3,500 rpm for 10 min. After centrifugation, 0.5 ml of plasma is added to 250 mg of lyophilized ox substrate prepared according to Lever et al. ( 13) and to 1 ml of moist Dowex 5OW-X2 (NHd)+ resin. Incubation is carried out for 7 hr at 37 C and at the optimal pH 6.5, with constant shaking. The enzymatic reaction is stopped by cooling to 0 C. The cooling mixture is transferred to a glass column already containing 1 ml of Dowcx 5OW-X2 (NH,)+.
Angiotensin fixed on the Dowex resin is eluted according to Boucher (2) and freeze dried. The dry residue is taken up in 1 ml of isotonic saline at pH 8 containing bacitracin (50 U/ml). Bioassay is performed on a rat blood pressure preparation for comparison with standard valine-5-angiotensin II aspartic amide (Hypertensin, Ciba). The ox substrate selected for the present study did not generate vasopressor substances when incubated alone at 37 C for 7, 12, and 24 hr. The amount of 250 mg of lyophilized substrate used in each determination was found to insure a zero-order kinetic reaction; reaction velocity was shown to be constant for at least 12 hr. Recovery of angiotensin added to plasma in small amounts varying from 20 to 200 ng was measured in 15 different experiments, averaged 80 & 10 %. Reproducibility was tested by repeating 12 determinations on one given sample; the error coefficient was 10 %. No pressor activity was detected in plaslna of rabbits binephrectomized 48 hr previously.
Results have been expressed in nanograms of angiotensin released per milliliter of plasma per hour of incubation (rig/ml per hr), Plasma volume was calculated from blood volume and arterial hematocrit, the latter was measured in capillary tubes; no correction factor was used. Blood volume was estimated by the method of 51Cr-tagged red blood cells. The 5LCr-labeled red cells were prepared by incubating 4 ml of titrated rabbit blood at 37 C for 45 min with 50-60 PC of sodium chromate.
At the end of incubation the tagged red cells were washed three times with isotonic saline. Washed Y%-tagged red cells were suspended in a Fig. I ). When extracellular fluid was expanded with isotonic saline, furosemide did not increase PRA significantly; a moderate but significant increase (P < 0.001) of PRA was observed when the saline infusion was stopped despite the maintenance of an increased plasma volume and a low hematocrit. Increases of GFR and RPF are obvious during the course of the saline load. Plasma sodium concentration remained unchanged during the study-Mean arterial pressure was maintained at the control levels during the saline infusion and decreased significantly when the infusion was stopped. Total blood loss from blood samples obtained during b) Serum albumin ( 
RESULTS
Grou/~ I: Simple Fwosemide Injection
As Table 1 and Fig. 1 show, in every rabbit except two arterial PRA was increased at the midpoint of the first experimental period, c-g., 7 min after furosemidc (mean increase : threefold).
PRA increased further during the next 45 min until. the end of the study (mean increase: sixfold). A significant (P < 0.01) plasma volume reduction of about 10 % was observed at the midpoint of the first experimental period as the result of the furosemideinduced natriuresis. Fig. 2 ). Despite the absence of variation of these parameters, a highly significant (P < 0.001) increase of PRA was observed during the shunting periods in every rabbit. Analysis of brief urine collections performed during the periods of urine shunting show that both GFR and RPF were increased and that the natriuretic action of furosemide was present.
Group 4: Furosemide, Urine Shunting, and Expanders a) Isotonic saline ( 6) Serum albumin ( Table 6 , Fig. 2 ). As it was observed in graup 2, plasma volume expansion was less marked with serum albumin than with isotonic saline administration.
The increase of PRA induced by the combination of furosemide and ureterovenous bypass was only partially prevented; further increase of PRA was observed despite the maintenance of an expanded plasma volume during the two last periods when urine was allowed to flow normally. No significant variations in blood pressure nor in plasma sodium concentration were observed during the study. From analysis of urine collected briefly during the shunting periods, it appears that GFR and RPF were both increased and that the natriurcsis was slightly less than in the preceding experiments. 
DISCUSSION
Three main results were observed during these experiments. First, plasma renin activity was markedly increased after injection of furosemide. Second, this increased renin secretion was markedly reduced with a concomitant large expansion of plasma volume. Third, the administration of the diuretic without simultaneous change in plasma volume, plasma sodium concentration, and arterial pressure increased per se the release of renin. These results will be discussed in order.
The renal vasculature greater than the local vasoconstrictive effect of angio tensin. GFR changes and PRA variations observed during our study are plotted on Fig. 3 . Although there is not clear-cut correlation between these two variables at all levels of glomerular filtration, it is apparent that with extreme changes in GFR, there is an inverse relationship; the largest increases in GFR are associated with a lesser increase in PRA, and conversely larger PRA increases are observed when GFR is only moderately increased or is reducd.
The relationship between RPF and PRA are not represented on the figure, since the inverse relationship found between RPF and PRA is similar to that observed between GFR and PRA. It is therefore possible that the renin-angiotensin system also has a regulating effect upon the renal blood flow.
It must be emphasized that some data do not support the renin-stimulating effect of an increased tubular sodium concentration. Vander (32), White (35), and Tobian (27) found that increasing tubular sodium load resulted in reduction of the secretion of renin induced by clamping the renal artery.
In these experiments, the increase of tubular sodium load was brought about either by increasing the filtered sodium, or by the direct injection of a diuretic (chlorothiazide, acetazolamide, or mercurial) in the renal artery. These results support the opposite theory that renin release is reduced by an increased intratubular sodium load.
